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ABSTRACT 

A  mechanlcally-steerable  dielectric  lens  antenna,  suitable  for 
Installation  In  an  EHF  airborne  MILSATCOM  terminal  on  high  performance 
aircraft,  was  designed  and  tested.  The  antenna  system  consists  of  a  six-inch 
diameter  piano/ convex  lens  with  a  dual  frequency  feed  (43.5-45.5  GHz  for  the 
uplink  and  20.2-21.2  GHz  for  the  downlink).  The  measured  gain  and  half-power 
beamwidths  of  the  antenna  system  are  35.5  dB  and  3.2°  for  the  uplink 
(44.5  GHz)  and  29.5  dB  and  6.0°  for  the  downlink  (20.7  GHz),  corresponding  to 
overall  aperture  efficiencies  of  71%  and  81%,  respectively.  The  first 
sidelobes  are  -18  dB  for  the  downlink  and  -20  dB  for  the  uplink  while  the 
corresponding  far-out  sidelobes  are  less  than  -26  dB  and  -34  dB,  respectively, 
for  all  angles  beyond  18°.  These  characteristics  are  compatible  with  a  high 
ECCM  capability  for  an  antenna  of  this  size  In  an  aircraft. 
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I.  INTRODUCTION 

In  connection  with  Lincoln  Laboratory  programs  to  develop  EHF 
technology(l)  for  military  satellite  communication  systems,  millimeter-wave 
antennas  were  investigated  for  potential  application  to  airborne  satellite 
communication  terminals.  Several  different  lens  and  reflector  configurations 
are  currently  under  study.  The  model  which  is  the  subject  of  this  report 
consists  of  a  combination  of  a  scalar  horn  feed  with  a  dielectric  lens 
collimator.  The  characteristics  required  from  these  antennas  include: 

1.  Essentially  complete  coverage  of  the  hemisphere  above  the  horizontal 
plane  of  the  aircraft. 

2.  Dual-frequency  operation  as  a  transmitting  antenna  in  the  43.5  to 

45.5  GHz  uplink  band  and  as  a  receiving  antenna  in  the  20.2  to 
21.2  GHz  downlink  band. 

3.  Effective  gain  at  least  equivalent  to  that  of  a  six  inch  aperture 
antenna,  assuming  50%  aperture  efficiency  (greater  than  27  dB  at 

20.5  GHz  and  34  dB  at  44.5  GHz,  including  radome  losses). 

4.  Operation  over  the  entire  5%  bandwidth  in  each  of  the  two  frequency 
ranges  without  retuning. 

In  addition,  the  antennas  are  designed  for  circular  polarization,  although 
this  is  not  a  requirement. 

The  choice  of  antenna  configuration  to  satisfy  these  requirements  is 
critically  dependent  upon  several  conflicting  factors.  High-performance 
aircraft  (i.e.,  fighter/bombers,  such  as  the  F-lll/A)  require  either  flush- 
mounted  or  minimally-protrusive  antenna  systems  to  reduce  aerodynamic  drag  and 
turbulence  effects.  Conformal  phased  arrays^  and  hybrid-scan  arrays  (which 
are  mechanically  rotated  in  azimuth  and  phase-scanned  in  elevation)  have  been 
extensively  investigated  for  this  application.  However,  the  gain  of  any 
flush-mounted  antenna,  mounted  on  top  of  the  aircraft  fuselage,  decreases  from 
its  broadside  value  by  as  much  as  ten  decibels  in  scanning  from  the  zenith  to 
the  horizon^.  In  addition,  phased-array  antennas  typically  have  dissipative 
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losses  of  three  to  four  decibels  In  their  feed  networks  and  phase  shifters. 

As  a  result,  flush-mounted  arrays  are  much  larger  and  more  complex  than 
mechanically-steered  aperture  antennas  of  equivalent  performance.  Also, 
hybrid-scan  arrays  are  only  partially  conformal  and  require  radomes  since  they 
are  built  as  flat  plate  structures  which  are  not  aerodynamlcally  integral  with 
the  contours  of  the  airframe. 

The  system  designer  is  likewise  faced  with  the  choice  between  reflectors 
and  lenses  for  the  aperture  antenna.  At  SHF  frequencies  the  reflector  is  the 
obvious  selection  since  a  dielectric  lens  would  generally  be  too  heavy. 
However,  at  millimeter  wavelengths  the  absence  of  aperture  blockage  and  its 
adverse  effects  on  the  radiation  characteristics  give  an  advantage  to  lens 
systems,  particularly  for  electrically-small  apertures  and  dual-frequency 
feeds  which  tend  to  be  larger  than  their  single  frequency  counterparts. 

The  antenna  system  selected  for  development  (shown  conceptually  in 
Fig.  1)  consists  of  a  plano/convex  polystyrene  (Rexollte)  lens  of  six-inch 
diameter,  fed  by  a  dual-frequency  corrugated  horn  feed.  The  lens  is  secured 
to  the  feed  by  a  shroud  which  also  shields  the  antenna  from  unwanted  radiation 
incident  from  the  rear  sector.  The  shroud  is  partially  lined  with  a  thin 
absorber  to  attenuate  Internal  reflections  from  the  lens  and  radome 
surfaces.  (This  absorber  was  not  used  in  the  radiation  pattern  measurements 
shown  in  this  report,  but  might  have  beneficial  effects  on  sidelobes  in  an 
aircraft  installation.)  The  corrugated  horn,  or  scalar  feed,  which  was 
originally  developed  as  the  illuminator  for  a  two-foot  offset  paraboloid 
reflector  in  a  mobile  (SCOTT)  terminal*  for  armored  personnel  carriers,  has 
almost  equal  E-  and  H-plane  radiation  patterns  and  provides  a  satisfactory 
aperture  Illumination  over  the  lens  for  good  control  of  sidelobes  on  both  the 
uplink  and  downlink  bands. 


Details  of  the  feed  design,  construction  nnd  test  will  be  reported  by  one  of 
the  authors  (J.  C.  Lee)  in  a  Lincoln  Laboratory  Technical  Report  with  the 
tentative  title,  "A  Dual  Frequency  Offset  Reflector  Antenna  for  SCOTT 
Applications". 
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Fig.  1.  Dual  frequency  (20/44  GHz)  lens  antenna 


The  rationale  for  the  choice  of  a  plano-convex  lens  with  the  planar  side 
facing  the  feed  is  given  in  Appendix  I  of  Reference  4.  Of  the  two  lens  shapes 
which  are  easy  to  analyze^ ),  the  plano-convex  lens  with  the  convex  side 
toward  the  feed  tends  to  increase  the  amplitude  taper  and  decrease  sldelobes 
by  bunching  the  energy  from  the  feed  towards  the  center  of  the  lens,  but  has 
relatively  large  angles  of  Incidence  for  rays  on  the  curved  side  and 
corresponding  high  reflections  for,  at  least,  one  sense  of  linear 
polarization.  The  second  type  of  lens,  which  has  a  curved  inner  surface 
coinciding  with  the  input  spherical  phase  front  from  the  feedhorn,  bunches  the 
energy  at  the  edges  of  the  lens,  decreasing  the  amplitude  taper  and  increasing 
the  sldelobes.  Both  of  these  lenses  have  the  disadvantage  that  one  surface 
coincides  with  a  wavefront  so  that  surface  reflections  are  focussed  back  to 
the  feedhorn,  possibly  causing  an  adverse  Impedance  mismatch. 

On  the  other  hand,  the  plano-convex  lens  with  the  plane  side  facing  the 
feed  has  several  desirable  characteristics.  Since  refraction  takes  place  at 
both  surfaces,  the  angles  of  incidence  are  relatively  small,  leading  to  small 
reflections  for  any  incident  polarization.  Similarly,  reflections  from  the 
lens  into  the  feed  tend  to  be  small  since  neither  lens  is  equi-phased . 

Finally,  the  lens  has  little  effect  on  the  amplitude  taper  since  it  is 
intermediate  in  geometry  between  the  two  cases  previously  discussed. 
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II.  DUAL-FREQUENCY  FEED  SYSTEM 

The  feed  consists  of  a  single  corrugated  (scalar)  horn  which  is  optimized 
for  the  two  frequency  bands,  with  two  concentric  waveguide  openings  at  the 
horn  throat  (Fig.  2).  The  inner  circular  waveguide  is  used  for  the  uplink 
transmitting  (43.5-45.5  GHz)  band  and  the  outer  coaxial  waveguide  for  the 
downlink  (20.2-21.2  GHz).  Separate  circular  polarizers,  orthomode 
transducers,  and  impedance-matching  elements  are  designed  and  Integrated 
compactly  into  these  waveguides.  The  overall  length  of  the  feed  is  less  than 
5  inches;  its  largest  cross-section  is  the  horn  opening  which  is  about 
4  inches  in  diameter. 

The  design  requirements  for  the  antenna  feed  are:  low  cost,  compact 
size,  rugged  construction  and  low  sidelobes  in  both  frequency  bands.  Ideally, 
the  feed  radiation  characteristics  should  approximate  a  Huygen's  source 
radiator^)  with  equal  E-plane  and  ll-plane  amplitude  and  phase  patterns  in 
order  to  control  the  off-axis  polarization  characteristics  of  the  lens. 
Although  a  Huygen's  source  can  be  realized  by  multi-flare  or  multi-mode  horns, 
the  corrugated  horn  generally  has  superior  polarization  qualities  over  a  broad 
band^^.  Similarly,  other  types  of  dtplex  feed  systems^^  were  considered  for 
this  application,  but  were  generally  found  to  be  either  more  complex  or 
Incapable  of  operating  in  two  frequency  bands  which  are  separated  by  a  ratio 
of  over  two  to  one. 

Electrical  characteristics  of  this  corrugated  horn  feed  are  shown  in 
Figs.  3  through  7.  For  the  transmitting  frequencies  the  return  loss  at  the 
waveguide  input  terminals  (Fig.  3B)  is  greater  than  15  dB  (VSWR<1.45)  over  the 
entire  43.5-45.5  GHz  band.  The  match  (Fig.  3A)  for  its  orthomode  transducer 
transition  between  the  rectangular  and  circular  waveguide  sections  is  better 
than  20  dB  (VSWR<1.25).  A  resistive  termination  in  the  circular  waveguide 
(Fig.  2),  that  serves  to  absorb  unwanted  reflected  energy  from  the  horn  and 
lens  (which  i9  of  the  orthogonal  sense  of  circular  polarization  from  the 
transmitted  wave),  has  a  return  loss  (Fig.  3C)  greater  than  17  dB  over  the 
band  (VSWR<1.35).  The  axial  ratio  of  the  dielectric  polarizer  in  the  circular 


RETURN  LOSS  (dB)  RETURN  LOSS  (dB) 
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Fig.  3. 
orthomode 
load,  (d) 


Dual  frequency  feed,  transmitting  components: 
transducer,  (b)  Match  at  waveguide  input,  (c) 
Axial  ratio  of  polarizer. 


(a)  Match  of 
Match  of  short 
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RETURN  LOSS  (dB)  RETURN  LOSS  (dB) 


Fig.  4.  Dual  frequency  feed,  receiving  components:  (a)  Match  of  orthomode 
transducer,  (b)  Match  at  waveguide  input,  (c)  Match  without  tuning  ring, 

(d)  Axial  ratio  of  polarizer. 
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Fig.  5.  Isolation  between  transmitter  and  receiver 
terminals  of  dual- frequency  feed. 
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Fig.  7.  Feed  radiation  patterns  at  transmitter  center 
frequency  (44.5  GHz). 
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waveguide  (Tx  POLARIZER  of  Fig.  2),  which  is  a  principal  factor  in  determining 
the  polarization  of  the  transmitted  wave,  is  less  than  one  dB  over  the  band 
(Fig.  3D).  This  corresponds  to  a  polarization  loss  of  less  than  0.1  dB  for 
the  uplink. 

For  the  downlink  the  return  loss  at  the  receiver's  waveguide  output 
terminal  at  the  feed  is  greater  than  13  dB  (VSWR<1.60)  over  the  20.2  to 
21.2  GHz  band  (Fig.  4B).  This  result  is  obtained,  with  the  aid  of  an 
impedance-matching  ring  (Fig.  2),  from  an  initially  uncompensated  return  loss 
which  was  as  poor  as  3  dB  (VSWR<6.0;  Fig.  4C).  The  return  loss  of  the 
orthomode  transition  from  the  receiver's  input  to  the  coaxial  waveguide 
section  of  the  feed  is  matched  to  a  return  loss  of  23  dB  (VSWR<1.20; 

Fig.  3A) .  The  axial  ratio  of  the  feed  on  reception,  as  determined  by  the 
receiver's  dielectric  polarizer,  is  likewise  less  than  one  dB  (Fig.  4D).  The 
mutual  coupling  between  the  transmitter  output  and  receiver  terminal  on  the 
feed  is  relatively  low,  being  less  than  -30  dB  over  the  uplink  band.  Fig.  5 
shows  the  isolation  from  40  to  45  GHz.  The  portion  of  the  uplink  band  between 
45  and  45.5  GHz  is  not  shown,  but  is  likewise  below  the  -30  dB  limit.  This 
degree  of  isolation  assures  satisfactory  decoupling  between  the  uplink  and 
downlink  signals. 

Although  the  transmitting  and  receiving  radiation  patterns  for  this  feed 
were  originally  optimized  for  the  SCOTT  reflector  application,  they  are 
equally  well  suited  for  the  airborne  terminal  lens  requirements.  Within  each 
frequency  band  the  E-  and  11-plane  feed  patterns  (Figs.  6  and  7)  are  almost 
identical,  with  the  illumination  down  by  eight  dB  at  the  edge  of  the  lens 
(  0=±35°)  from  its  on-axis  value.  The  characteristic  features  of  the  aperture 
illumination  functions  and  the  corresponding  far-field  radiation  patterns  for 
the  lens,  computed  from  these  feed  illuminations,  will  be  discussed  after 
presentation  of  the  design  equations  for  the  lens  contours. 
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HI.  DESIGN  EQUATIONS  FOR  PLANO/CONVEX  LENS 

The  parametric  expressions  for  the  coordinates  (x,r)  of  the  len3- 
ganeratlng  curve  (Fig.  8)  are  derived  from  Snell's  Law  and  the  equality  of 
path  lengths  (poi+p12+P23“Con3tant^  from  che  ^ocal  Polnt  through  the  lens 


F  cosip  (cos  (3-1)  +  t  cos  9  cosip  (n-1) 
x  *  cos  9(  n-cos  ip) 


F  slnO(n  -n  cos  ipfcos  9—1 )  +  t  cos  9  sln9(n-l) 


n  cos  9(  n-cos  ip) 


n  sin  ip  ■  sin  9 


where  (Fig.  8): 

9  Is  the  angle  of  Incidence 
ip  Is  the  angle  of  refraction 
n  Is  the  index  of  refraction 
F  Is  the  focal  length 

t  is  the  lens  thickness  at  center,  given  by 
t  _  f(F/P)-H/41W  -  F/D  (4) 

and  D  Is  the  lens  diameter.  Evaluation  of  Eqn.  (4)  for  n»1.59  (polystyrene) 
shows  that  F/D  cannot  be  much  less  than  unity  to  maintain  a  reasonably  small 
value  of  lens  thickness. 

The  ratio  of  the  amplitude  distribution  A( 9)  of  the  feed  to  the  amplitude 
distribution  over  the  lens  aperture  F(r)  Is  given  by^ 


(hF+ 1)  [ 


sin  9  cos  9(  n-cosip).  1/2 
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where  U  »  F  cos  0(  n  -cos  \H-cos  9-1)  -  F  sin 0( sin 0-cos 0  tan^i) 

2 

+  t(  n-1)  cos2  9+  rr  sin  9(  n-cos  4»)~  r  cos  0  tant|» 

For  the  present  design,  the  distance  D  (Fig.  8)  between  the  points  where 
the  lens  thickness  goes  to  zero  is  larger  than  the  diameter  of  the  lens 
aperture  (6.5"  versus  6"D)  in  order  to  provide  an  attachment  rim.  The  focal 
length  F  is  4.28"  (0O**35°,  F/D-0.658),  which  gives  a  center  thickness  t  of 
1.85".  The  amplitude  ratio  F(r)/A(0),  calculated  from  Eqns.  (1-5)  using  these 
parameters  and  with  n“1.59,  is  close  to  unity  (Fig.  9)  over  the  entire  lens 
radius  (0.9  dB  at  the  rim). 

The  theoretical  radiation  patterns  for  the  lens  with  its  scalar  feed  are 
calculated  from  fhe  equation^®^: 

i 

g(u)  -  /  F(r)  JQ(ur)  r  dr  (6) 

o 

where  r  *  r/rQ  =  normalized  lens  radius 

u  =*  2  v  r  sin  0/  X 

JQ(x)  =»  zero  order  Bessel  function. 

The  aperture  distributions  F(r)  for  the  lens  are  obtained  from  the 
measured  feed  patterns  A(  0)  of  Figs.  8  and  7,  as  modified  by  the  amplitude 
ratio  F(r)/A(9)  of  Fig.  9.  These  values  are  used  to  compute  the  theoretical 
radiation  patterns  of  the  lens  (Figs.  10  and  11)  for  the  uplink  transmitting 
(44.5  GHz)  and  downlink  receiving  (20.7  GHz)  center  frequencies. 
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IV.  MEASURED  EENS  RADIATION  PATTERNS 

A  number  of  radiation  patterns  of  the  lens/horn  antenna  system  were 

measured  at  the  center  and  band  edge  frequencies  of  both  the  uplink  and 

downlink  balfes  (20.2,  20.7  and  21.2  GHz  for  the  downlink;  43.5,  44.5  and 
* 

45.5  GHz  for  the  uplink).  These  measurements  were  made  with  a  linearly 

pokirlzed  transmitting  antenna  for  electric-field  polarizations  which  are 

either  parallel  or  perpendicular  to  the  x-z  or  y-z  planes  of  scan  (Fig.  2). 
i' 

Pertinent  characteristics  of  these  patterns,  including  3  dB  and  10  dB 
beamwidths,  position  and  magnitude  of  the  first  sldelobe  and  null,  and  the 
angle  0^  beyond  which  all  sidelobes  are  at  least  30  dB  down,  are  given  in 
Table  l  for  the  downlink  and  Table  II  for  the  uplink  at  all  three  freqencles 
in  each  band.  Graphs  of  selected  radiation  patterns,  taken  in  the  two 
principal  planes  with  both  E  parallel  and  E  perpendicular  polarization,  are 
presented  for  the  uplink  (Fig.  12;  44.5  GHz)  and  downlink  (Fig.  13;  20.7  GHz) 
center  frequencies  in  each  band  for  the  downlink.  These  tabular  and  graphical 
results  show  that  the  radiation  patterns  are  essentially  independent  of 
frequency  within  each  band  and  have  a  high  degree  of  axial  symmetry, 
regardless  of  polarization  (E  parallel  and  E  perpendicular)  or  plane  of  scan 
(x-z  and  y-z).  They  also  agree  reasonably  well  on  the  downlink  with  the 
theoretical  pattern  (Fig.  11)  relative  to  bearawidth  and  sldelobe  structures. 
The  measured  3  dB  beamwidths  vary  between  5.6°  and  6.4°  over  the  band 
(20.2-21.2  GHz)  while  the  first  sldelobe  level  is  less  than  -20  dB. 
Furthermore,  the  far-out  sidelobes  are  all  less  than  -34  dB  for  angles  greater 
than  30°.  These  measurements  compare  favorably  with  the  theoretical  3  dB 
beamwldth  of  6.2°  (Fig.  11)  and  first  sldelobe  level  of  -25  dB  at  20.7  GHz. 

The  patterns  for  the  uplink  frequencies,  on  the  other  hand,  exhibit  some 
dissimilarity  for  different  polarization  and  principal  plane  cuts.  ror  both 
E  perpendicular  and  E  parallel  polarizations,  the  3  dB  beamwidths  vary  between 
2.8°  and  3.5°  over  the  band  (43.5-45.5  GHz).  This  compares  favorably  with  the 
theoretical  3  dB  beamwldth  of  3.0°  at  the  center  frequency  (44.5  GHz). 

However,  at  this  frequency  the  first  sldelobe  degenerates  for  E  parallel 
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g.  12.  Uplink  lens  radiatio 
perpendicular,  (b)  X-Z  plane 
cular,  (d)  X-Z  plane,  E  rota 


”ig.  13.  Downlink  lens  radiation  patterns  (20.7  GHz):  (a)  Y-Z  plane,  E  perpendicular 
(b)  X-Z  plane,  E  perpendicular,  (c)  Y-Z  plane,  F.  parallel,  (d)  X-Z  plane,  E  parallel. 
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polarization  (Fig.  12b)  Into  a  small  shoulder  at  a  level  higher  than  -20  dB 
while  for  E  perpendicular  polarization  (Fig.  12a)  the  null  remains  distinct  at 
a  level  below  -30  dB;  these  values  compare  to  a  theoretical  first  sldelobe 
level  of  -26  dB.  The  results  Indicate  that  the  feedhorn  possesses  some  degree 
of  polarization-dependent  astigmatism  (def ocusslng)  at  the  uplink 
frequencies.  (This  effect  may  be  caused  by  the  tapered  dielectric  rod  wave 
launcher  (Fig.  2)  which,  as  an  end-fire  radiator,  does  not  necessarily  have  a 
unique  phase  center  for  orthogonal  polarizations.)  However,  the  pattern 
distortion  does  not  affect  the  overall  performance  or  gain  (Section  V)  of  the 
antenna  to  any  significant  degree;  for  example,  the  far-out  sldelobes  on  the 
uplink  are  excellent,  being  much  less  than  -34  dB  at  all  angles  beyond  20°. 

As  an  additional  check  on  these  results,  radiation  patterns  of  the  lens 
antenna  were  measured  In  the  two  principal  planes,  while  the  transmitting 
antenna  was  rapidly  spinning,  to  determine  Its  polarization  characteristics. 
Typical  patterns  are  shown  In  Figs.  12D  and  12E  at  44.5  GHz.  The  results, 
shown  In  Table  III,  are  In  consonance  with  the  axial  ratio  measurements  made 
on  the  feedhorn  alone  (Figs.  3  and  4)  which  remain  below  one  dB  for  all 
frequencies.  The  corresponding  polarization  losses  would  be  negligible 
(<0.1  dB)  for  all  frequencies  In  both  the  uplink  and  downlink  bands 
(Table  III),  when  used  with  the  circularly-polarized  satellite  antenna. 
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TABLE  III 

POLARIZATION  LOSS  OF  LENS  ANTENNA  ( fr-0# ) 


Frequency 

Axial  Ratio 

Polarization  Loss 

(GHz) 

(dB) 

(dB) 

20.2 

0.2 

0.00 

20.7 

0.8 

0.01 

21.2 

0.5 

0.00 

43.5 

0.4 

0.00 

44.5 

0.8 

0.01 

45.5 

1.0 

0.01 
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V.  ANTENNA  GAIN  CHARACTERISTICS 


The  on-axls  gala  of  the  lens  antenna  for  circular  polarization  was 
determined  for  the  uplink  and  downlink  bands  by  adding  3  dB  to  the  average 
value  measured  for  two  orthogonal  linear  polarizations.  These  results, 
together  with  corresponding  calculations  of  directive  gain  and  loss 
mechanisms,  are  shown  In  Table  IV  for  the  center  and  edge  frequencies  In  each 
band.  The  differences  between  the  measured  gain  and  theoretical  directivity 
can  be  attributed  to  several  loss  mechanisms  (such  as  spillover,  polarization 
mismatch  and  dissipative  and  reflective  losses  In  the  lens  and  feedhorn)  and 
to  possible  measurement  errors.  The  theoretical  directive  gain  (DT)  is 
calculated  from  the  lens  aperture  distribution  F(r)  which.  In  turn,  Is 
obtained  from  the  measured  horn  pattern  and  Eqn.  5,  and  from  the  equatlon^^ 


D 


T 


s.2  (y 

/  F2(r)  r  dr 


(7) 


where  g(0)  is  the  on-axis  gain  of  the  antenna  and  rQ  the  radius  of  the  lens 
aperture. 

For  the  uplink  (44.5  GHz)  the  difference  of  1.0  dB  between  the 
theoretical  directivity  of  36.5  dB  and  measured  gain  of  35.5  dB  can  be 
ascribed,  In  part,  to  an  estimated  spill-over  loss  of  0.3  dB,  corresponding  to 
93%  of  the  radiation  from  the  feed  being  incident  upon  the  lens.  Other 
factors  include  an  impedance  mismatch  and  polarization  losses  of  less  than 
0.2  dB  and  0.1  dB,  respectively.  The  difference  of  approximately  0.5  dB  can 
be  attributed  to  the  dissipative  and  reflective  losses  In  the  lens  and 
dissipation  In  the  feedhorn.  Overall  antenna  efficiency  at  44.5  GHz  is  71% 
(relative  to  a  uniformly-illuminated  6"D  aperture). 

For  the  downlink  (20.7  GHz),  the  difference  of  0.3  dB  between  the 
theoretical  directivity  of  29.8  dB  and  measured  gain  of  29.5  dB  is  less  than 
the  sum  of  the  spill-over  loss  (0.3  dB),  mismatch  loss  (0.02  dB),  and 
polarization  loss  (0.1  dB).  Since  some  additional  dissipative  and  reflective 
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GAIN  AND  DIRECTIVITY  OF  LENS  ANTENNA  NIT«  FEED 


I  losses  must  be  present  in  the  feed  and  lens,  this  anomalous  result  is 

i 

1  attributed  to  either  errors  in  measurement  of  the  gain  of  the  lens  or  of  the 

radiation  pattern  of  the  feed  (which  is  used  to  determine  spillover  loss).  In 
any  event,  the  overall  antenna  efficiency  is  on  the  order  of  80%  at  20.7  GHz 
and  72%  at  the  band  edges  (20.2  and  21.2  GHz).  These  comparisons  indicate 
that  the  losses  in  the  lens  do  not  exceed  several  tenths  of  a  decibel  in 
either  the  uplink  or  downlink  frequency  bands. 

i 
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VI.  CONCLUSIONS 

The  dielectric  lens  antenna  with  dual  frequency  feed  has  several 
advantages  over  hybrid  or  phased  array  systems  for  airborne  satellite 
communication  terminals.  Its  gain,  which  Is  close  to  the  theoretical  limits 
for  Its  aperture  size,  remains  constant  as  the  antenna  scans  the  upper 
hemisphere.  Although  It  Is  not  flush-mounted,  Its  aerodynamic  drag  In  a 
streamlined  radorae  may  not  be  significantly  greater  than  the  electronlcally- 
steerable  arrays,  which  must  be  larger  for  equivalent  electrical  performance 
and  require  a  cover  of  some  type  since  they  are  generally  non-con formal.  Its 
low  far-out  sldelobes  and  high  directivity  In  both  bands  result  In  low 
probability  of  Intercept  and  resistance  to  jamming.  As  a  mechanically 
steerable  system,  satellite  acquisition  can  be  achieved  directly  through  the 
navigational  aids  on  the  aircraft  and  through  3tep-scannlng  for  final 
lock-on. 

An  improvement  In  this  antenna  design  could  be  achieved  If  Its  overall 
length  were  reduced  by  bending  the  feed.  The  present  design  requires  a 
minimum  protrusion  of  the  radome  of  7"  above  the  fuselage  (recessing  the  lens 
by  1.5"  Into  the  aircraft  with  a  corresponding  gain  degradation  at  zenith  on 
the  order  of  one  decibel)  and  minimum  cross-section  dimension  of  11".  The 
corresponding  dimensions  with  a  folded  feed  would  be  6"  in  height  and  8”  In 
cross  section. 

A  second  potential  application  for  this  type  of  antenna  Is  In  a  low-data- 
rate  terminal  for  ground  vehicles.  The  antenna  can  be  placed  In  a  small 
armored  rotatable  turret  on  top  of  the  vehicle  (to  provide  protection  against 
small  arms  fire)  and  scanned  in  azimuth  and  elevation  for  tracking  the 
communication  satellite.  Although  Initial  acquisition  and  synchronization 
with  the  satellite  may  be  more  difficult  in  a  moving  ground  vehicle  than  In  an 
aircraft,  which  has  precise  navigational  aids,  this  problem  is  not  expected  to 
be  particularly  severe  In  view  of  the  wide  bearawldth  (6°)  on  the  downlink  of 
the  lens  antenna . 
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